In this paper, an interacting boson model (IBM-1) has been used to calculate the low-lying positive parity yrast bands in Hf, W, and Os nuclei for N = 108 neutrons. The systematic yrast level, electric reduced transition probabilities B(E2) ↓, deformation, and quadrupole moments of those nuclei are calculated and compared with the available experimental values. The ratio of the excitation energies of first 4 + and first 2 + excited states, R 4/2 , is also studied for these nuclei. Furthermore, as a measure to quantify the evolution, we have studied systematically the 
INTRODUCTION
The interacting boson model-1 (IBM-1) developed by Iachello and Arima [1] [2] [3] has been successful in describing the collective nuclear structure for the prediction of the low-lying states and the electromagnetic transition rates in the medium mass nuclei. The IBM-1 has become one of the most intensively used nuclear models, due to its ability to describe of the changing low-lying collective properties of nuclei across an entire major shell with a simple Hamiltonian. In first approximation, only pairs with angular momentum L = 0 (called s-bosons) and L = 2 (called d-bosons) are considered. The model has associated an inherent group structure, which allows for the introduction of limiting symmetries called U(5), SU (3) , and O (6) 4, 5 . The nuclei 180 Hf, 182 W, and 184 Os, have atomic number Z = 72, 74, and 76, respectively, and same neutron number N = 108 are existed on the stability line. Those nuclei are very much of interest because their balance nucleons are proton-neutron holes according to double shell closure 208 Pb and are well deformed. It is known that the low-lying collective quadrupole E2 excitations occur in even-even those nuclei, which have been studied both theoretically and experimentally [6] [7] [8] [9] . There are a number of theoretical works discussing intruder configuration and configuration mixing by means of IBM-1 around the shell closure Z = 82. For instance, empirical spectroscopic study within the configuration mixing calculation in IBM-1 10 , the IBM-1 configuration mixing model in strong connection with shell model 11 , conventional collective Hamiltonian approach 12 and the one starting from self-consistent mean-field calculation with microscopic energy density functional.
Recently we studied the evolution properties of the yrast states for even-even [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] Pd isotopes 13 . The yrast states and electromagnetic reduced transition probabilities of even-even [114] [115] [116] [117] [118] [119] [120] [121] [122] Cd isotopes were studied by Hossain et al 14 . U(5) symmetry of even tromagnetic reduced transition properties of yrast states band of even-even [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] Pd isotopes were studied 17, 18 . Previous studies motivate the aim of the present work by application of IBM-1 to predict the yrast level, reduced transition probabilities and back bending curve to understand the type of dynamical symmetry which exist in Hf, W, and Os nuclei for neutron N = 108.
THEORETICAL CALCULATIONS

Interacting boson model (IBM-1)
The interaction of s-bosons (L = 0) and d-bosons (L = 2) in the IBM are used to explain the collective properties of even-even nuclei 19 . The IBM-1 Hamiltonian can be expressed as 3 :
where 
is the quadrupole operator (χ is the quadrupole structure parameter and takes the value 0 in the case of O(6) symmetry U (5) SU (3) O (6) 72 74 76
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and ± 7/2 corresponding to SU (3)),
(r) is the octupole (r = 3) and hexadecapole (r = 4) operator, and = d − s is the boson energy. The parameters a 0 , a 1 , a 2 , a 3 , and a 4 designated the strength of the pairing, angular momentum, quadrupole, octupole, and hexadecapole interaction between the bosons.
RESULTS AND DISCUSSION
In Hf, W, and Os nuclei with neutron N = 108, proton hole numbers are 5, 4, and 3 and neutron hole number is 9 according to framework of IBM-1. The total boson numbers are 14, 13, and 12 for 
Yrast levels
The yrast levels (2, 4, 6, 8 Nucl. Each nucleus at the evolving states is determined using (2) . Table 1 shows the IBM-1 parameters that are used in the calculations of yrast states of those nuclei. In the calculations the value of , a 0 , a 3 , a 4 are taken as zero value. Table 2 shows comparisons of theoretical and experimental excitation energies (in units of MeV) up to the first 4 + levels and their ratio R = E(4 
IBM-1 Experimental
E(2) E(4) E(4)/E(2) E(2) E(4) E(4)/E(2)
Reduced transition probabilities B(E2)
The low-lying levels of even-even nuclei (L i = 2, 4, 6, 8, . . . ) usually decay by one E2 transition to the lower-lying yrast level with L f = L i −2. The reduced transition probabilities in IBM-1 are given for the harmonic vibration limit SU(3) 23 :
where L is the angular momentum and N is the boson number, which is equal to half the number of valence nucleons (proton and neutrons with the experimental data are excellent. 
Quadrupole moments and deformation parameter
The calculation of quadrupole moments is very important to understand the deformation about prolate or oblate shape. The quadrupole moments (Q 0 ) and Q 2 + 1 of nuclei can be calculated 3, 23 by
The quadrupole deformation parameters β are calculated 24 by
where Z is the atomic number, R 0 is the average radius of nucleus Table 4 shows quadrupole moment and deformation parameter of even Hf, W, and Os. The calculation of intrinsic quadrupole moments, and deformation parameter are in good agreement to the previous results [20] [21] [22] 24 . Fig. 4 shows that the Q 0 
Back-bending
The positive parity yrast levels are connected by a sequence of stretched E2 transition with energies which increase smoothly except around the back-bends. The transition energy ∆E I,I−2 should increase linearly with I for the constant rotor as ∆E I,I−2 = I/2ϑ(4I − 2) does not increase, but decreases for certain I values.
The relation between the moment of inertia (ϑ) and gamma energy E γ is given by
and the relation between E γ and ħ hω is given by
The moment of inertia 2ϑ/ħ h 2 and rotational frequency ħ hω have been calculated from (3) and (4) Os nuclei are presented in Table 5 . respectively. But there is no back bending for 184 Os nucleus. The results are presented on collective ∆I = 2 ground band level sequence for the variation of shapes for Z = 76, 74, and 72 with even neutron N = 108. The back-bending phenomena appear clearly in the diagram 2ϑ/ħ h 2 versus (ħ hω) 2 . The back bending phenomenon can be phenomenological reproduced as an effect due to the crossing of two bands.
Conclusions
We report evolution of positive parity yrast levels, reduced transition B(E2) and quadrupole moments of even-even 
